Identification of the principal catalytically important acidic residue of 3-hydroxy-3-methylglutaryl coenzyme A reductase.
Kinetic analysis of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase has implicated a glutamate or aspartate residue in (i) formation of mevaldate thiohemiacetal by proton transfer to the carbonyl oxygen of mevaldate and (ii) enhanced ionization of CoASH by the resulting enzyme carboxylate anion, facilitating attack by CoAS- on the carbonyl carbon of mevaldate (Veloso, D., Cleland, W. W., and Porter, J. W. (1981) Biochemistry 81, 887-894). Although neither the identity of this acidic residue nor its location is known, the catalytic domains of 11 sequenced HMG-CoA reductases contain only 3 conserved acidic residues. For HMG-CoA reductase of Pseudomonas mevalonii, these residues are Glu52, Glu83, and Asp183. To identify the acidic residue that functions in catalysis, we generated mutants having alterations in these residues. The mutant proteins were expressed, purified, and characterized. Mutational alteration of residues Glu52 or Asp183 of P. mevalonii HMG-CoA reductase yielded enzymes with significant, but in some cases reduced, activity (Vmax = 100% Asp183----Ala, 65% Asp183----Asn, and 15% Glu52----Gln of wild-type activity, respectively). Although the activity of mutant enzymes Glu52----Gln and Asp183----Ala was undetectable under standard assay conditions, their Km values for substrates were 4-300-fold higher than those for wild-type enzyme. Km values for wild-type enzyme and for mutant enzymes Glu52----Gln and Asp183----Ala were, respectively: 0.41, 73, and 120 mM [R,S)-mevalonate); 0.080, 4.4, and 2.0 mM (coenzyme A); and 0.26, 4.4, and 1.0 mM (NAD+). By these criteria, neither Glu52 nor Asp183 is the acidic catalytic residue although each may function in substrate recognition. During chromatography on coenzyme A agarose or HMG-CoA agarose, mutant enzymes Asp183----Asn and Glu83----Gln behaved like wild-type enzyme. By contrast, and in support of a role for these residues in substrate recognition, mutant enzymes Glu52----Gln and Asp183----Ala exhibited impaired ability to bind to either support. Despite displaying Km values for substrates and chromatographic behavior on substrate affinity supports comparable to wild-type enzyme, only mutant enzyme Glu83----Gln was essentially inactive under all conditions studied (Vmax = 0.2% that of wild-type enzyme). Glutamate residue 83 of P. mevalonii HMG-CoA reductase, and consequently the glutamate of the consensus Pro-Met-Ala-Thr-Thr-Glu-Gly-Cys-Leu-Val-Ala motif of the catalytic domains of eukaryotic HMG-CoA reductases, is judged to be the acidic residue functional in catalysis.